ABSTRACT. The genetic variability of 182 unrelated mongrel dogs living in various areas of Japan (from Hokkaido to Okinawa) was studied by collecting their blood. Ten microsatellite loci were chosen from different autosomal chromosomes. After combining a few rare adjoining alleles to allelic classes, it was confirmed that the Hardy-Weinberg equilibrium was attained in each locus. The polymorphic information contents (PICs) of the loci, Ren37A11, Ren48E01, AHTk253, ZuBeCa30, Ren277K09, Ren42N13, AHT130, PEZ03, PEZ12, and AHT121, were 0.58, 0.63, 0.67, 0.67, 0.68, 0.71, 0.79, 0.80, 0.80, and 0.80, and the power of discriminations (PDs) were 0. 80, 0.85, 0.87, 0.88, 0.88, 0.89, 0.94, 0.94, 0.94, and 0.94, respectively. The combined mean exclusion chance (MEC) was 0.9995, indicating that these microsatellite loci are useful for kinship testing of Japanese dogs. KEY WORDS: kinship test, microsatellite, polymorphism.
Microsatellites have been used as one of the most useful tools for genetic identification and kinship testing of humans as well as certain animals [12] . Microsatellite analyses were applied to studies of canine pedigrees, [2, 11] most notably of American dogs [20] . In regard to the polymorphism of Japanese dogs, blood proteins [25] and mitochondrial DNA [19, 24, 27] have been extensively studied. Recently, several studies utilizing microsatellite markers have been performed [10, 14, 17, 23, 26] . In these studies, however, evidence of the Hardy-Weinberg equilibrium (HWE) has not been presented. In the current study, we report on the HWE for 10 loci in a Japanese mongrel population.
One hundred and eighty-eight blood samples were collected on FTA Cards (Whatman), which were punched with a 1.2 mm Harris Micro Punch (Whatman). Materials interfering with PCR were removed from the punched pieces by washing with FTA Purification Reagent (Whatman) 5 times. Ten microsatellite loci were chosen from different autosomal chromosomes. The primer sequences used for each locus were from UniSTS, except for PEZ12 [6] , Ren37A11 [13] , and ZuBeCa30 [5] . To get clear peaks, oligonucleotide primers for each locus were prepared as Tailed Primer Pairs (Applied Biosystems, 4304979) and labeled with either NED, 6-FAM (6-carboxyfluorescein), or VIC. As a result, all product sizes were reported as having eight base pairs shorter than the observed ones. PCR was performed in a volume of 25 µl with a punched piece, 0.2 mM dNTP, 0.63 unit of Ex Taq polymerase in Ex Taq buffer (Takara), and a set of primers in various concentrations: AHT130 (NED, 0.1
, and Ren277K09 (VIC, 0.2 µM). The reaction was performed with a GeneAmp PCR System 2400 (Applied Biosystems) for 3 min at 96°C, 30 cycles for 30 sec at 96°C, 1 min at 60°C, and 30 sec at 72°C, followed by 5 min at 72°C. Another multiplex PCR was performed with a primer set that included AHT121 (6-FAM, 0.1 µM), PEZ03 (VIC, 0.1 µM), PEZ12 (NED, 0.1 µM), Ren48E01 (NED, 0.1 µM), and ZuBeCa30 (6-FAM0.1 µM) under the same PCR conditions except for the annealing temperature, which was set at 56°C. The product size was analyzed by a PRISM 310 Genetic Analyzer with the internal GeneScan 400HD [ROX] size standard (Applied Biosystems). To exclude related samples that affect statistical analyses, the probability of kinship likelihood was calculated between pairs from the same dog owners, on the assumption that the two dogs were siblings from the same parents (The Excel spreadsheet was developed by Aoki [1] and was modified from Essen-Moeller's paternity test [7] ). Among these 30 pairs, six showed a probability of kinship likelihood over 0.9. Because these may have been related pairs, one animal from each pair was omitted. The remaining 182 dogs were analyzed as being unrelated. These dogs were from Hokkaido (107), Aomori (2), Tokyo (1), Kanagawa (2), Yamanashi (4), Shizuoka (7), Shiga (1), Kyoto (40), and Okinawa (18) .
It is known that rare alleles in a small sample size are prone to disturb statistical estimations [4] . To avoid such complications, a few rare adjoining alleles were grouped to allelic classes to fulfill 2 conditions: 1) that all the expected values of the individual allelic classes are more than 1; and 2) that less than 20% of the allelic classes exhibit the expected values of less than 5 [4] . The allele frequencies and allelic classes of all the loci are shown in Table 1 . For statistical analysis, the observed heterozygosity (Ho: fre-quency of heterozygotes), the expected heterozygosity (He: estimated from the allele frequencies) [16] , the power of discrimination (PD: probability that two randomly chosen individuals have different phenotypes) [8] , the polymorphic information content (PIC: a measure of informativeness related to expected heterozygosity) [3] , and the mean exclusion chance (MEC: a priori chance of excluding paternity) [18] of each locus were calculated from the allelic classes.
A chi-square test for the independence between allelic classes was performed for each locus, and the Hardy-Weinberg equilibrium (HWE) was confirmed (P>0.05). Similar results were obtained from Guo and Thompson's exact test for HWE [9] with GENEPOP (version 3.3) [21] and PyPOP [15] . The data obtained with GENEPOP are shown in Table  1 . In previous studies of Japanese dogs, however, significant deviations from HWE have been reported [14, 26] . The discrepancies may be due to the fact that this study was based on an unrelated mongrel population while the others were on specific breeds in Japan. In accordance with these observations, our preliminary work on beagles indicated that the proportion of homozygous alleles is greater in beagles than in mongrels.
Although HWE was confirmed in the present mongrel population, it may be possible that a minor difference exists in allelic class distributions among subpopulations because there may be a certain degree of genetic isolation as was observed in the Japanese population [22] . Among the samples from the 3 major sources, Hokkaido, Kyoto, and Okinawa, Fisher's exact tests for population differentiation were performed using GENEPOP. The combined P-value of the exact tests was greater than 0.05, indicating no regional differentiation. By contrast, it was noted from the data based on the blood proteins that the dogs of Hokkaido might be slightly distinct from those of other areas in Japan [25] . It is necessary to collect a larger number of samples from other regions in Japan before reaching a firm conclusion on regional subpopulations.
Given that the combined MEC was calculated to be 0.9995 by using the MEC values shown in Table 1 , preliminary kinship tests [1] were performed to see whether the data set obtained in this study is sufficient for practical use. In 2 known pairs of dams and puppies, the probabilities of 0.9999 for parentage likelihood were obtained. In four known pairs of siblings, the probabilities of kinship were a) Allele frequencies and allelic classes are tabulated. Average allele size in base pairs is shown in parenthesis. b) Accession numbers for loci are AJ391608 (Ren37A11), AJ391635 (Ren42N13), AJ391660 (Ren48E01), AJ411615 (Ren277K09), AJ269542 (ZuBeCa30), AY536266 (PEZ03) and AY758357 (PEZ12). UniSTS numbers for loci are 262014 (AHT121), 262018 (AHT130), 262080 (AHTk253), 264145 (PEZ03), 264697 (Ren42N13), 264711 (Ren48E01) and 264609 (Ren277K09). c) Abbreviations used are as follows. Ho: observed heterozygosity, He: expected heterozygosity, PD: power of discrimination, PIC: polymorphic information content, MEC: mean exclusion chance, P(Chi-square): P-value from the chi-square test of the Hardy-Weinberg equilibrium and, P(Exact): P-value from the exact test of the Hardy-Weinberg equilibrium calculated using GENEPOP [21] .
over 0.98. These results indicated that the present data set is useful for kinship analysis of Japanese dogs.
